In SI Appendix, section 4 we describe two methods to calculate the expected number of shared duplicate pairs between S. cerevisiae and K. polysporus and the significance of the observed deviation from these values. In Figure 3 we calculated the expected number of shared duplicate pairs for individual GO categories using Method 2 (which accounts for the presence of a shared evolutionary branch) with the additional assumption that the proportion of loci preserved in duplicate on the shared evolutionary branch is the same as the genome average (1.93% / 7.35% = 0.26) and does not vary among GO categories.
Phylogenetic analysis
We used YGOB to select loci that have been retained in duplicate since the WGD by S. cerevisiae, S. bayanus, C. glabrata, S. castellii and K. polysporus and for which single-copy orthologs were also available in four additional yeast species (K. lactis, K. waltii, A. gossypii and C. albicans). Ignoring the K. polysporus genes, we first used YGOB to determine which of the two gene copies in S. bayanus, C. glabrata and S. castellii are orthologous to each of the two gene copies in S. cerevisiae. We were able to partition these duplicates into two clades (DC1, DC2), each consisting of four syntenic orthologs, for 92 loci.
Because of the high level of reciprocal gene loss between K. polysporus and S. cerevisiae we used phylogenetic methods rather than YGOB (which relies on conservation of synteny) to determine which of the two gene copies in K. polysporus is orthologous to each of the two gene copies in S. cerevisiae. For each locus we used ClustalW (5) and Gblocks (6) to generate an alignment from all 14 sequences and used Shimodaira-Hasegawa tests (7) (implemented in Tree-Puzzle (8) ) to determine whether one of the two possible topologies was preferred: either K. polysporus copy 1 clusters with DC1 and K. polysporus copy 2 clusters with DC2 or vice versa. Loci at which there was significant (α = 0.05 level) support for one topology over the other were retained.
We also sought to exclude loci that may have undergone gene conversion (9) . We used Phyml (10) to draw unconstrained trees for each locus with all five pairs of duplicates and the corresponding single ortholog in K. lactis. Any loci for which either DC1 or DC2 (including the appropriate K. polysporus ortholog) were not reconstructed were discarded. Eleven loci were retained for further analysis (S. cerevisiae gene names: YBP2/YBP1, SWH1/OSH2, HST1/SIR2, FAR10/VPS64, SBE2/SBE22, GEA1/GEA2, SDT1/PHM8, SIR3/ORC1, FSH2/FSH3, CDC50/YNR048W and TRF4/TRF5), and super-alignments of these loci were used for phylogenetic analysis.
At any given locus all the gene copies in DC1 (or DC2) are orthologous to one another and are paralogous to the gene copies in DC2 (or DC1). There is however no relationship between the gene copies in DC1 at one locus and the gene copies in DC1 at other loci. It is therefore possible to concatenate gene copies from DC1 at one locus with gene copies from DC2 at other loci (provided all gene copies in DC1 are treated consistently) when constructing a super-alignment. We used this fact to exclude the possibility that generating a single super-alignment might result in concatenation of the faster-evolving clades (DC1 and DC2 can evolve at very different rates) at several loci. Instead, we generated 100 super-alignments (4045 amino acid sites each) in which the DC1/DC2 designation was randomly reversed with probability 0.5 for each locus. Finally, for each of the 100 super-alignments a single bootstrap-replicate was generated using 'seqboot' in the Phylip package and these -rather than the original super-alignments -were retained for phylogenetic reconstruction.
Because the phylogenetic relationships between the yeasts used in this study are known (11, 12) we optimized branch-lengths but not the topology (modified to include K. polysporus) for each of 100 bootstrap-replicates using a WAG + I + G(8) + F model. Finally, branch-lengths were averaged between duplicate clades and across all 100 bootstrap-replicates to obtain the tree in Figure 2C . We did not correct the tree in Figure 2C for the effect of accelerated protein sequence evolution after WGD because we found that the method used in (11) yielded a small negative length for the branch between the WGD and the K. polysporus divergence (D.R.S. and K.H.W., in preparation).
SI Figure 5.
Phylogenetic tree of the 14 clades of hemiascomycetes, redrawn from Kurtzman and Robnett (12, 13) . Species with sequenced genomes are highlighted and the inferred position of the WGD is indicated. Figure 6 . Schematic representation of the 41 K. polysporus supercontigs. Each row represents a supercontig, and each arrow represents a contig. Contigs with numbers >1000 consist of merged smaller contigs, based on fosmid read-pair information and gene order information. Solid lines connect contigs between which gene order is consecutive, but where there is at least one gene missing (as compared to the non-WGD species A. gossypii, K. waltii and K. lactis). The order and orientation of unconnected contigs within a supercontig is based on fosmid read-pair information only. Gray rectangles indicate the positions of four fosmid clones that we completely sequenced in addition to the whole-genome shotgun phase. The locations of the MAT, HML and two HMR loci are shown. Red contigs contain telomeric repeats, contigs with red outline contain subtelomeric-type genes (EXG2 exo-1,3-beta-glucanase homologs), and orange contigs contain rDNA.
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SI Figure 7. Differential resolution of protein kinase gene pairs in K. polysporus and S. cerevisiae.
Genes are identified by their S. cerevisiae names. The set of genes is based on (14) . Protein kinases that are not listed could not be scored on both tracks in both species, due to sequence gaps or lack of synteny. loci retained in duplicate since the WGD in K. polysporus relative to single-copy genes. Figure 6 ), of which five contained a MATa allele and three contained a MATα allele, as determined by sequencing the fosmids with a primer flanking the MAT locus. We completely sequenced the inserts in one MATα fosmid (fos_37c10) and one MATa fosmid (fos_72a08) and found that they had no sequence differences other than the α-specific and a-specific "Y" regions of the MAT locus. Subtelomeric regions: The subtelomeric regions of the K. polysporus genome contain multiple genes (at least 19 copies) for exo-1,3-beta-glucanase, an enzyme that degrades the cell wall polymer betaglucan. In S. cerevisiae there are only three exo-1,3-beta-glucanase genes (SPR1, EXG1 and EXG2), and they function in cell wall assembly and spore wall morphogenesis (18, 19) . The amplification of this family in K. polysporus is possibly related to its multi-spored phenotype.
Protein Complexes: Protein complexes and genes coding for their components tend to be lost and gained relatively rarely during evolution. However, we noticed that the genes coding for all three subunits (SSY1, SSY5 and PTR3) of the SPS extracellular amino acid sensor system (20) , and several subunits of dynein and dynactin (discussed in main text) are absent from the genome of K. polysporus, as are genes for enzymes of the DAL pathway (DAL1, DAL2, DAL3, DAL4, DAL7 and DCG1; these are not known to form a complex) (21) . In addition, six (SFB3, SEC13, SEC16, SEC23, SEC31 and SEC24/SFB2) of the seven genes coding for subunits of the COPII vesicle complex are retained as ohnolog pairs in K. polysporus. Only SEC24/SFB2 is present in duplicate in S. cerevisiae and SAR1 is duplicated in neither species. COPII proteins coat and direct the formation of vesicles that transport proteins from the ER to the golgi and may also have a role in 'cargo' protein selection (22) . Genes coding for COPII subunits are evolutionarily well conserved and most have single orthologs in mammals (22 
Section 2. Measuring the effect of the ortholog-paralog bias in YGOB's tracking algorithm.
YGOB uses an algorithm based on shared gene content in a local (41 locus) sliding window to assign orthology of the sister genomic regions (tracks) among different post-WGD species (4), but the high levels of independent gene loss that have occurred between K. polysporus and the other post-WGD yeasts make this assignment difficult in most parts of the genome. In the region shown in Figure 1 , for example, there are two places where YGOB's algorithm 'changes its mind' about how orthology and paralogy are assigned between K. polysporus and S. cerevisiae chromosomes. We refer to the process of identifying orthologous chromosomal regions between species as 'tracking'.
In the whole-genome comparison of the 3252 ancestral loci that could be reliably scored as present or absent in both K. polysporus and S. cerevisiae, YGOB scored 44.7% of loci as single-copy orthologs and 34.6% as single-copy paralogs (reciprocal gene losses) ( Table 1) . Because YGOB's algorithm works on the principle that orthologous regions should have higher similarity of gene content than paralogous regions, and because it operates on a local window, it has a built-in bias that will cause it to overestimate the number of orthologs in situations where the true numbers of orthologs and paralogs are similar.
We measured the effect of this bias by using the YGOB engine to create and score 100 K. polysporus pseudo-genomes in which any possible signal of shared ancestry with S. cerevisiae was obliterated. While scoring the real K. polysporus genome against the ancestral gene order ('Real genome' columns in SI Table 4 ) we created 100 pseudo-genomes where at every locus with a syntenic K. polysporus presence on one track and a syntenic K. polysporus absence on the other track, we swapped the syntenic gene from its chromosome into the syntenic gap in the chromosome on the other track with a probability of 0.5. This procedure means that the pseudo-genomes must, on average, contain equal numbers of orthologs and paralogs of the S. cerevisiae single-copy genes. We then used the YGOB engine to score these 100 pseudo-genomes, calculating a mean and standard deviation for each locus class (SI Table 4 ). As would be expected due to the randomizations' breaking of chromosomes into smaller syntenic fragments, the number of scoreable loci in the pseudo-genomes is less than in the real genome. Nevertheless the average proportions of single-copy orthologs (43.42% ± s.d. 2.23%) and paralogs (33.80% ± s.d. 2.64%) reported in the pseudo-genomes are the same as in the real data, instead of being equal to each other.
Thus, the reported excess of orthologs over paralogs in Table 1 may be due to YGOB's bias towards reporting orthologs. These results fail to reject the null hypothesis of no shared gene losses on the phylogenetic branch between the WGD and the common ancestor of K. polysporus and S. cerevisiae, such as would occur if they had undergone completely independent WGD events. However, modeling gene losses using a likelihood approach does reveal a signal of shared ancestry (SI Appendix, section 5). Relationship between the estimated fraction of paralogous single-copy genes, and the confidence of YGOB's orthologous track assignment between K. polysporus and S. cerevisiae.
SI
Our estimate that 44.7% of single-copy loci in K. polysporus and S. cerevisiae are paralogs (Table 1) is based on scoring all 3252 ancestral loci that can be compared between the two species, using the YGOB engine (4). The accuracy of this estimate depends on the accuracy with which YGOB identifies, in any genomic region, the correct overall orthology and paralogy relationships among the two K. polysporus genomic tracks (K1 and K2 in SI Figure 8 , below) and the two S. cerevisiae genomic tracks (S1 and S2). We refer to this identification process as 'tracking'. If the tracking of a particular genomic region is incorrect, individual single-copy loci within that region will be mis-called (orthologs will be misidentified as paralogs, and vice versa).
We were concerned that our estimate of the proportion of paralogs in the genome might be inflated by the inclusion of mis-tracked genomic regions in the analysis. However, using a heuristic measure of the confidence of tracking, we show below that there are few regions of the genome where the percentage of single-copy loci that are paralogs is less than 20%, and that the fraction of paralogs is at least 30% in the half of the genome that is most confidently tracked. We used YGOB to find pairs of homologous chromosomal segments in the genomes of both S. cerevisiae and K. polysporus, that have remained unrearranged since the WGD and where no sequence gaps exist in the K. polysporus assembly. We retrieved 98 such 'blocks' (a pair of contiguous homologous chromosomal segments from S. cerevisiae and the corresponding pair of regions from K. polysporus), ranging in length from 10 to 73 genes, and containing a total of 1765 ancestral loci.
For each block we considered the two possible orthologous chromosomal pairings between the S. cerevisiae and K. polysporus segments (i.e., S1 orthologous to K1 and S2 orthologous to K2, or S1 orthologous to K2 and S2 orthologous to K1). We counted the number of gene losses, L, required to account for the observed pattern of gene loss in each case. We assumed that all gene losses were of single genes (26) and that where a gene is missing from an orthologous locus (in the context of the pairing being considered) in both species, it was lost in the common ancestor. We refer to the chromosomal pairing that requires the fewest gene losses (L B in SI Figure 8a) Randomizations preserved the number of genes retained in each genome but randomized the pattern of duplicate gene resolution by reassigning genes from K. polysporus segment K1 to the paralogous locus on K. polysporus segment K2 with a probability of 0.5 (compare loci 3, 7, and 8 between panels a and b in SI Figure 8 ). The percentage of randomized datasets for which D Rand is less than D Real is a measure of our confidence that the best pairing reflects a correct assignment of orthologous tracks.
We found that orthologous chromosomes can be inferred with reasonable confidence in some regions of the genome, but that in others (even where relatively large contiguous regions exist in both S. cerevisiae and K. polysporus) the pattern of gene loss is not significantly different from that predicted by independent WGD events (i.e., no shared history). For instance, although block 91 is 57 genes long, the best chromosome pairing requires only 3 fewer losses to explain than the alternative, which is better than only 25% of randomized datasets. By contrast, for block 43 (15 genes long) the best pairing involves 9 fewer losses than the alternative, which is better than 99% of randomizations.
We stratified blocks according to intervals of our confidence statistic (SI Table 5 ) and calculated the percentage of single-copy orthologs and single-copy paralogs in each stratum. The estimated proportion of orthologs decreases as the tracking confidence decreases. This is as expected, because a block with a high content of orthologs should be easy to track. No matter what the average proportion of orthologs is across the whole genome, we would expect there to be some regional variation (purely by chance) resulting in some blocks with confident tracking and high ortholog content, and other blocks with lower tracking confidence and lower ortholog content.
SI Table 5 indicates that, even in the most confidently-tracked blocks in the genome (containing 12.7% of the studied loci), 17.4% of single-copy loci are paralogs between K. polysporus and S. cerevisiae. Among the best-tracked 55.8% of loci (the top four strata), the estimated fraction of paralogs is 31.7%. Similar to YGOB's estimate for the whole genome (Table 1) , we estimate that among all 98 blocks considered here the proportion of single-copy loci that are paralogs is 38.9%. 
Section 4.
Calculating the expected number of shared ohnolog pairs between S. cerevisiae and K. polysporus
The high level of paralogy (~44.7%) among genes that are single-copy in both S. cerevisiae and K. polysporus indicates that the fates of most duplicated loci were not determined at the time of divergence of these two species. Indeed, our model indicates that 79% of loci were still duplicated and in the U ('undecided') state at this time ( Fig. 2; SI Appendix, section 5) . Since 47% of loci that are currently duplicated in K. polysporus are also present in duplicate in S. cerevisiae (212 of 450, among the 3252 loci studied in Table 1 ), this suggests substantial convergent preservation of duplicates. We estimated the number of duplicate genes that were preserved convergently in two different ways.
Method 1: Assuming negligible shared ancestry Because S. cerevisiae and K. polysporus diverged very soon after the WGD we estimated the number of loci that would be preserved in duplicate under the assumption of negligible shared ancestry (i.e., the length of the shared evolutionary branch after WGD is effectively zero) and in the absence of selection. Although this is a very naïve calculation it serves as an estimate of the number of duplicate pairs that will be shared due to chance alone. In the genomes of S. cerevisiae and K. polysporus 13% and 14% of loci respectively are present in duplicate and the expected number of shared duplicate loci is therefore 0.13 * 0.14 * 3252 = 60 loci. Since the observed number of shared duplicates is 212 (approximately 3.5 times the expected), this represents an excess of 152 loci.
Method 2: Accounting for the shared evolutionary branch Using the model described in SI Appendix, section 5 it is possible to estimate the number of loci that were preserved in duplicate in the common ancestor of S. cerevisiae and K. polysporus. Note that the model estimates were calculated on a reduced dataset of 2299 loci, which contains exactly 169 loci (7.35%) in each of three configurations: duplicated in S. cerevisiae only; duplicated in K. polysporus only; and duplicated in both species. The model estimates that 1.93% of loci (44.4 loci) were fixed in duplicate prior to the divergence of S. cerevisiae and K. polysporus, and 5.42% of loci (7.35% -1.93% = 5.42%; 124.6 loci) must therefore have been preserved in duplicate convergently.
Using the same approach as in Method 1 (above) it is now possible to calculate how many loci were preserved in duplicate convergently in excess of that expected by chance. At the time of divergence between S. cerevisiae and K. polysporus 1808 loci (79% of the original total) were still duplicated and in the U ('undecided') state and 16.24% ((169+124.6)/1808 = 0.1624) of these were preserved in duplicate in each lineage after this time. We therefore expect 0.1624 * 0.1624 * 1808 = 47.7 loci to be preserved in duplicate in both lineages by chance alone. The total expected number of shared duplicates is therefore 92.1 loci (44.4 on the shared branch and 47.7 due to sampling) and the ratio of the observed to the expected is 169/92.1 = 1.84-fold. This represents an excess of 76.9 loci and suggests that a significant number of loci have been independently preserved in duplicate in S. cerevisiae and K. polysporus.
We tested whether the observed excess of shared ohnolog pairs was statistically significant using a hypergeometric probability. Considering only the 124.6 duplicate pairs inferred to have been preserved in duplicate convergently on the S. cerevisiae and K. polysporus lineages, we calculated the probability of observing this number or greater by chance given that 293.6 (= 124.6 + 169) duplicate pairs were preserved independently on each lineage and that 1808 duplicate pairs in total were available for preservation. The probability of observing this by chance is effectively zero (P = 2.4 × 10 -33 ).
Section 5. Modeling the resolution of genome duplication.
We developed a mathematical model of the loss or fixation of duplicated genes after WGD. This model is significantly more powerful and flexible than the approach we took in ref. (11) . Our model assumes that the observed genomic sequences are related to each other by an (unknown) bifurcating phylogenetic topology. It attempts to explain the observed frequencies of duplicates and of the shared or divergent losses of duplicates among the five genomes (K. polysporus, S. castellii, C. glabrata, S. cerevisiae and S. bayanus). Thus, we create an 'alignment' of five species. Each site in this alignment represents an ancestral locus was duplicated in the WGD. For each species, we used YGOB to determine if that locus is still duplicated (state D O ) or had lost the first copy of the duplicate pair (S 1 ) or the second copy (S 2 ). We excluded from our analysis sites where both duplicates appear to have been lost. We use YGOB to assign consistent definitions of S 1 and S 2 across the five species (4, 11).
Our model (DL-SUBF) is in the spirit of likelihood models of character state evolution proposed by Lewis (27) . We assume that a pair of loci formed by WGD can be in one of 6 possible states, and that transitions between states are possible (with rates specified by the parameters α,β and γ) as summarized in SI Figure 9A .
Initially all genes are assumed to be duplicated (i.e. P(U|t 0 )=1.0). The instantaneous transition probabilities given in SI Figure 9A were used to construct a system of linear differential equations, which were symbolically solved using Mathematica 5.2. The probability of observing each state for each ancestral locus after a given time t is thus given by:
Here U is a state where both duplicates are present and redundant (meaning that the loss of one or the other is selectively equivalent). When one copy of a duplicate is lost, the locus transitions to state S 1 or S 2 . Note that these two states are completely symmetrical and hence that equations for state S 2 are not shown above. Duplicates can also be fixed: once in state F neither copy of a duplicate pair can be lost. Our previous analysis suggested that there is an excess of convergent losses of duplicated genes (cases where two species share a loss pattern than cannot be attributed to common ancestry) (11 Given a bifurcating phylogenetic topology τ, values of β and γ and of the 2n-1 branch lengths (αt above, where n is the number of taxa in our analysis), we can calculate the likelihood of the data using our own implementation of the tree-transversal algorithm of Felsenstein (28) . We then use standard numerical optimization (29) to find maximum likelihood estimates of the branch lengths and of β and γ. Note that because this model is not time-reversible, our inferences are performed on rooted topologies. In practice, we infer the phylogenetic relationship of the genomes in question with an exhaustive search across all possible topologies τ, retaining the topology with the highest likelihood. The results of applying this model to our data are shown in SI Figure 9B . Above each branch is given the branch length in terms of x =(2 + 2β + γ)αt. Taking e -x gives the probability of a duplicate gene remaining in state U along that branch. Below each branch are the percentages of the total set of genes duplicated at WGD that are still in the duplicated states U, F, and C 1 +C 2 , respectively. We simulate data under the inferred maximum likelihood tree to estimate the statistical error associated with the model parameters. Doing this constitutes an implicit hypothesis test of the topology shown in SI Figure 9B . We find that this topology is strongly supported (99% confidence intervals do not overlap zero on any branch).
SI
Degenerate forms of the above model can also be constructed so as to disallow certain evolutionary possibilities. Thus, duplicate fixation can be forbidden by setting γ = 0 (DL-C); likewise convergence by setting β = 0 (DL-F). Subfunctionalization can be precluded by letting γ and β be nonzero but forbidding transitions from C 1 and C 2 to F (i.e., removing the dashed lines in SI Figure  9A , DL-CF). Of course fixation and convergence can also be simultaneously disallowed by setting both γ and β to zero (DL). By simulating data under these more simple models, we can test the hypotheses that duplicate fixation, convergence, and subfunctionalization are statistically significant effects. In all four cases (alternative and null models DL-F and DL, DL-C and DL, DL-CF and DL-F, and DL-SUBF and DL-CF, respectively), we find the alternative models with these effects fit the data significantly better than the null models (P < 0.001).
The model DL-SUBF assumes that the instantaneous rate of duplicate loss and fixation from states C 1 and C 2 (C x ) is the same as that rate from state U. It is possible to relax this assumption, allowing more or less rapid rates of this processes after entering state C x . Upon applying this more complex model (DL-SUBF-2) we found that while it offered a higher likelihood than the DL-SUBF model (2∆lnL=135.8), it was not significantly better than a model where the U-F transition was forbidden (DL-SUBF-2 vs. DL-SUBF-C, 2∆lnL =1.4). Effectively, the DL-SUBF-C model thus requires all fixations to pass through states C x . Both model DL-SUBF-C and model DL-SUBF-2 have transition probabilities that are significantly more complicated than DL-SUBF. Moreover, the improvements seen using these two models are no longer significant if C. glabrata and S. bayanus are removed from the analysis (data not shown). For reasons of clarity we have therefore chosen to report our results in terms of the simpler model. We note that our general conclusions are not altered by using these more complex models.
One hypothesis of interest is whether the whole-genome duplication observed in K. polysporus is actually the same event as those seen in the other four species. Were they different events, the length of the root branch, which separates K. polysporus from the other four taxa, would have length 0. We can test if the inferred length of this branch in SI Figure 9B is significantly different from zero by simulating data under the hypothesis that this branch has length zero and using a likelihood ratio test to compare the null to the alternative hypothesis. When we do so, we find strong evidence that this branch has non-zero length and hence that all five species underwent the same duplication event (P < 0.001).
Our analysis uses YGOB (4) to infer orthology between the duplicated regions of these five genomes. There are occasions, however, when this inference can be problematic. In some cases, data may be missing from the genome sequence of one organism, making it impossible to determine whether a particular WGD locus is retained in duplicate in that species. There are also cases where single copy genes in a species cannot be confidently assigned as either orthologs or a paralogs of the corresponding WGD loci in the other species (for instance if that gene resides alone on its contig). We omit all such ambiguous sites in the estimates presented here. However, adding data where one or more species is ambiguous at certain sites produces essentially identical results (data not shown).
The problem of determining whether single copy genes in one species are true orthologs to their homologs in other species is especially pronounced in K. polysporus due to this species' early divergence from the other four species. Given this fact, it is possible that our scoring approach using YGOB could tend to over or under-estimate the proportion of shared gene losses at the root of the tree in SI Figure 9B above (further details are given in SI Appendix, sections 2 and 3). We can test whether this problem is misleading us by discarding the information as to which copy (S 1 or S 2 ) is present in K. polysporus and treating all single copy loci in this species as ambiguous with respect to the remaining four species (S x ). When we re-estimate the model parameters by maximum likelihood, the probability of each single copy site in K. polysporus is the sum of the probability for states S 1 and S 2 above. Doing so actually increases the inferred number of shared losses on the root branch of the tree in SI Figure 9B , suggesting that our original analysis is conservative in its estimate of the degree of shared ancestry between S. cerevisiae and K. polysporus. To test whether we would observe such a long root branch were the genome duplication not shared between the five species, we simulated data under the assumption of no shared ancestry between K. polysporus and the other four taxa. We then discarded information on which single copy genes were present for K. polysporus (creating the same ambiguities as above) and optimized the resulting datasets under the assumption of a zero length root branch and without this constraint. None of these simulated datasets showed an improvement in likelihood after constraint relaxation that was as large as seen in the real data (P < 0.001). This is strong evidence that our scoring approach has not misled us into inferring a single duplication event. It is also an encouraging signal that many of our other conclusions would be robust to incorrect tracking. To exclude the possibility that the result shown in Figure 4 could be caused by a general trend towards resolving slower-evolving loci at later time points, we tested whether loci undergoing convergent loss at later time points tended to be biased towards slower-evolving loci, in the same way as loci undergoing RGL are biased.
We assembled sets of loci at which either convergent gene loss (orthologs lost in two independent lineages; single-copy orthologs retained) or divergent gene loss (paralogs lost in two independent lineages; single-copy paralogs retained) have occurred between S. cerevisiae and K. polysporus. We excluded the possibility that loci in our convergent gene loss dataset were products of a single gene loss on a shared branch by requiring that the missing gene copy be still present in either S. castellii or C. glabrata. Although divergent gene loss at an ancestrally duplicated locus cannot be explained by a single gene loss on a shared branch, we imposed the same phylogenetic criterion when selecting convergently and divergently resolved loci so the two datasets could be compared directly.
In brief, we used YGOB to select loci at which one gene copy from each duplicate clade was retained in at least one of S. cerevisiae, C. glabrata or S. castellii (SI Figure 10 panel 1) . All loci selected on this basis must have been retained in duplicate on the lineage leading to S. cerevisiae until at least the divergence of S. castellii (t 2 in panel 1). We then discarded any loci at which duplicates have been retained in either S. cerevisiae or K. polysporus (panel 2) and partitioned the remaining loci into those at which single-copy orthologs (167 loci) and single-copy paralogs (111 loci) were retained between S. cerevisiae and K. polysporus (panel 3). Figure 10 . Method of selection of sets of genes that have either been convergently or divergently resolved between S. cerevisiae and K. polysporus. Because all of these loci were retained in duplicate on the S. cerevisiae lineage until at least the divergence of S. castellii, they must all have involved at least two independent gene losses: one on the K. polysporus lineage in the interval between t 1 and t 4 and one on the S. cerevisiae lineage between t 2 and t 4 .
For each locus in both datasets we calculated 'representative' K A values between the orthologous genes in K. lactis and A. gossypii, K A(Klac-Agos) (11) , because this provides a measure of the intrinsic rate of evolution of the gene unaffected by any possible rate acceleration after gene duplication (30) . We find that the median K A(Klac-Agos) in single-copy orthologs is significantly greater than that amongst single-copy paralogs (0.3732 vs. 0.3315; P = 0.006 by one-sided Wilcoxon rank-sum test), indicating that RGL occurs preferentially at slow-evolving loci.
Although we used the same procedure to select loci for our single-copy ortholog and single-copy paralog datasets, it is possible that these datasets may be enriched for loci with different patterns of gene loss in S. castellii and C. glabrata and that it may therefore not be appropriate to compare them directly. To exclude this possibility we paired loci between our single-copy ortholog and single-copy paralog datasets whose patterns of gene loss were identical in all species except that the single-copy ortholog had retained the same (syntenic ortholog) gene copy in both S. cerevisiae and K. polysporus while the single copy paralog had retained alternative gene copies in these species. This produced 106 locus pairs whose only systematic difference is that one locus in each pair had lost orthologous gene copies independently in S. cerevisiae and K. polysporus and the second locus had independently lost paralogous gene copies. We performed this matching procedure 100 times and found that in 79 of 100 replicates, the K A(Klac-Agos) values for single-copy paralogs were significantly lower (P < 0.05 by onesided Wilcoxon rank-sum test) than those for single-copy orthologs.
These results are consistent with hypothesis that RGL is more likely to occur at loci where duplicates are functionally interchangeable (11) and that this condition is more likely to be met by slowly evolving loci.
Section 7.
The proportion of partisan gene losses increases on successive branches after the WGD As shown in Figure 2C the percentage of partisan losses (CS transitions) as a fraction of all gene loss events (US and CS transitions) inferred by our model of gene loss increases on successive branches after the WGD. It rises from 1% on the earliest branch after the WGD to 40% on the terminal S. cerevisiae branch. Because neutral losses (US transitions) arise from state U (which initially contains 100% of loci and must therefore decrease) while partisan losses arise from state C (which initially contains 0% of loci and must therefore decrease), we wanted to exclude the possibility that the increasing prevalence of partisan loss relative to neutral loss was a trivial consequence of the structure of our model. We therefore used a method that does not rely on the model to estimate the proportions of neutral and partisan gene losses at two different timepoints after the WGD and verified that the fraction of partisan gene losses is significantly higher at the later timepoint.
A simple method to estimate the proportion of neutral and partisan losses using gene loss data from post-WGD genome trios is described in ref. (11) . Because any three post-WGD genomes can be resolved into a pair of ingroup genomes and a single outgroup genome, it is possible to identify loci that have been returned to single-copy independently in the outgroup genome and one of the in-group genomes by selecting loci that are still duplicated in the second ingroup genome (See Fig. 2 , Classes 2C -2F in ref. (11)). We can then compare the proportions of loci at which orthologous and paralogous gene copies (using synteny information to distinguish syntenic orthologs from nonsyntenic paralogs) have been retained between the single-copy outgroup and ingroup genomes. Moreover, since any excess of orthologous over paralogous gene losses must be attribuSI Table to events on the shared evolutionary branch between the WGD and the divergence of the three species of interest, we can examine the effect of the time since duplicate gene divergence by selecting genome trios whose common ancestor existed at different timepoints after the WGD.
We used a genome trio composed of (K. polysporus, (S. castellii, S. cerevisiae)) and one composed of (S. castellii, (C. glabrata, S. cerevisiae)) to identify sets of genes that were resolved independently in two lineages after the divergence of K. polysporus (Kpol-Trio) or S. castellii (Scas-Trio) from the S. cerevisiae lineage respectively. Following exclusion of any loci that did not satisfy the synteny quality criteria required by the Yeast Gene Order Browser (4), we obtained 130 loci from the Kpol-Trio and 83 loci from the Scas-Trio for which independent resolution of gene duplicates in two lineages could be inferred with confidence. As can be seen from SI Table 6 (below), the proportion of orthologous and paralogous gene losses is close to equal for the Kpol-Trio (77 orthologous gene losses compared to 53 paralogous gene losses in the combined dataset) but very skewed for the Scas-Trio (65 orthologous gene losses compared to 18 paralogous gene losses in the combined dataset). These are significantly different in a chi-squared test of homogeneity (P = 0.006) indicating that the proportion of orthologous and paralogous gene losses depends on the time since the WGD. In addition, the direction of the change in the relative proportions of orthologous and paralogous gene losses (increase in the former relative to the latter at the later timepoint) is consistent with the idea that proportion of orthologous gene losses (and hence partisan losses; SI Table 6 ) increases with time since the duplication. These data indicate that the conclusion that the proportion of partisan gene losses is higher at later timepoints is not solely due to the structure of our likelihood model but is a property of the data. * The number of neutral gene losses was estimated as twice the number of paralogous gene losses and the number of partisan gene losses was calculated as the number of orthologous gene losses minus the number of paralogous gene losses. See ref. (11) for justification. Note that because of the method by which these loci were selected (duplicates were required in at least one species) the proportions of orthologous and paralogous (or neutral and partisan) losses are not the same as those estimated by the model (Fig. 2C ). The latter are based on a much larger and less biased dataset and should be more accurate.
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